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Introduction: High pressure and rapid cool-
ing at impacts are extarordinary conditions and 
new material microstructures, stable at large 
pressures, can be expected there. Quasicrystals 
are such unusual structures discovered in the last 
two decades and looking for their natural occur-
rences impact materials arose as candidates. 
Therefore we studied quasicrystals both for their 
geometric structure and for the possibility to 
recognize among impact metals.  
Clusters of atoms forming icosahedral 
point group: The most important characteristic 
of quasicrystals is their fivefold symmetry of the 
Laue X-ray pattern. (However, theoretically, 
other quasicrystalline structures were also shown, 
like as that of Watanabe.) 
Although quasicrystalline structure with five 
fold symmetry has been found first in Al alloys, 
till today many other metallic alloys were identi-
fied with this structure, mainly produced in very 
rapid cooling.  
 
Fig. 1. Larger Al-alloy quasicrystalline structure 
found in 1987. Graphics from S. Kabai, 2000. 
 
Theoretical background: There is an atomic 
arrangement, which is economical only for small 
number of atoms, forming in quenched metals. 
This is a cluster of identical balls taking the shape 
of an icosahedral "germ". Such local order with 
fivefold symmetry can exist only for a small 
number (2-3-4) of layers of identical atoms 
around one atom. In the first layer 12 atoms form 
a dodecahedron. The next layer can be arranged 
so, that atoms subside in the pits of the dodeca-
hedral layer: these 20 atoms form an icosahedral 
second layer around the central atom. This se-
cond layer is compact enough to give a dense ball, 
but the atoms of the second layer touch three 
atoms of the first layer only, and they do not 
touch each other. The third layer is very loose, 
and this is the reason that the quasicrystalline 
fivefold symmetric point group structure can not 
grow larger: it becomes very loose and undeter-
mined.  
 
Fig. 2. This graphics show that the layers of the 
“balls” of fivefold symmetry can fit higher hierarchy 
levels layers, too. (graphics by S. Kabai, 2000.) These 
super clusters are also balls – a good approximation – 
and therefore they follow the structural hierarchy of 
the lower hierarchy units (which are the atomic ico-
sahedral clusters). 
 
Hierarchy: But a new principle may help. If 
the clusters with 2 layers rapidly form new super 
clusters then such a construction around the 
central cluster, and two layers of clusters may 
form super cluster also with fivefold symmetry. 
This hierarchy may result in frequent occurrence 
of original rapidly cooled clusters and also the 
super clusters which may grow up to micron 
sized scale to be observed in electronmicroscope.  
Mathematica: In the last year we developed 
an interactive Mathematica in space materials 
studies and modeling. Focusing on the structural 
hierarchy of materials and quasicrystals (because 
impact materials may produce such semiordered 
structures) we used our system both to the clas-
sical structures like Widmannstadten texture of 
iron meteorites and to cryptocrystalline materials 
 and also some industrial materials too.  
The classical structural hierarchy forms a well 
known basis for materials studies. This hierarchy 
system embraces the material structures from cell 
units through crystal lattice, block mosaic struc-
ture, crystallite structure up to the macroscopic 
texture and macroscopic materials till the struc-
ture of composite materials in the technology 
level. However this line of hierarchy is different 
for various special materials. Here the opal and 
the meteoritic iron`s Widmannstadten structure is 
mentioned. (Fig. 3.) 
Nonclassical structures of the not well ordered 
materials (i.e. metallic glasses with cluster type 
structural units, with icosahedral morphology, 
like viruses) can also be involved in this system. 
Both tiling of Penrose type and ball arrangements 
of cluster type ones seem good approach to 
quasicrystalline structure from the geometrical 
point of view. The X-ray pattern of the 
quasicrystal materials gave clear evidence of the 
local fivefold symmetry in some metals (alloys) 
and even crystal forms proved that polyhedral 
shapes of quasicrystals grow larger then the local 
atomic layers (clusters) with icosahedral sym-
metry. Here we show the structural hierarchy 
construction from original elementary cell unit by 
a series of higher level units. Hierarchy of 
polyhedra builds up the set of the hierarchically 
embedded structures. 
 
  
Fig. 3. Structural hierarchy table of various solid 
crystalline materials (Bérczi, 1991). 
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